Abstract
century. It occurs at altitudes from 162 m (nearby Neratovice -central Bohemia) to 1 000 m (nearby Hrabická Lada -the Bohemian Forest), most abundantly in the zone from 300 to 600 m. Thus, it refers to a collinous to submontane species penetrating to the montane zone. The horizontal and vertical occurrence of C. petioli is shown on a map and diagram (Fig. 1) .
Host species and bionomics
Populus tremula L. (Salicaceae) is the host plant of C. petioli (DARBOUX and HOUARD, 1901; KIEFFER, 1913; RÜBSAAMEN and HEDICKE, 1925/1939; SC-HEIDTER, 1928; BARNES, 1951; BAUDYŠ, 1954 BAUDYŠ, , 1956 WAHLGREN, 1960; SKUHRAVÁ and SKUH-RAVÝ, 1960 , 1963 , 1973 , 1974a SKUHRAVÁ, 1987 SKUHRAVÁ, , 1994a SKUHRAVÁ, ,b, 1998 SKUHRAVÁ, 1993, 1998; MAMAEV, 1969; SKRZYPCZYŃSKA, 1999 SKRZYPCZYŃSKA, , 2004 LAMBINON et al., 2001; PERSSON, 2002; BÉGUINOT, 2006 etc.) . Nevertheless, C. pe tio li is not a defi nite monophague. According to ROSS (1911) , GUSEV and RIMSKIJ-KORSAKOV (1953) , PFEFFER et al. (1954) etc., it occurs also on P. alba L. BUHR (1965) , POSTNER (1982) etc. mention the gall midge, in addition to P. tremula and P. alba, also on P. × canescens (Ait.) Smith (= P. alba × P. tremula). SKUHRAVÝ et al. (1997) studied the occurrence and morphology of galls of cecidogenic gall midges on P. tremula, P. tremuloides Michl. and their hybrids in southern Bohemia. In total, they found there seven species of Cecidomyiidae. Harmandiola ca verno sa (Rübs.) was the most abundant species of them. Galls of C. petioli created 14.4 to 27% of all galls. Never the less, P. tremula was attacked markedly most. Only several galls were found on P. tremuloides. On hybrid tree species, galls occurred only sporadically. Galls (mainly of H. cavernosa) on P. tremuloides and hybrids diff ered in their size and shape from galls on P. tremula. While in galls on an autochthonous host P. tremula, larvae of developed normally, the larvae very o en died on an allochthonous and hybrid host. According to TURČEK (1956) , the high trophic attractiveness of P. tremula for insect is particularly related to its chemistry and wide ecological valence and thus also high spatial dispersion.
In Europe, in total 13 (in the CR 11) species of gall midges have been found, which are related to aspen by their development (SKUHRAVÁ, 1994a,b; SKUHRAVÝ and SKUHRAVÁ, 1998) . With respect to the frequency of occurrence, C. petioli is the fi h most abundant gall-forming species of Cecidomyiidae on P. tremula in the CR (SKUHRAVÝ and SKUH-RAVÁ, 1993) . Innumerable literature sources mention its occurrence and development. However, C. petioli has not been evidently studied in more detail yet.
MATERIAL AND METHODS
C. petioli was studied at Forest District Bílovice nad Svitavou, TFE Masaryk Forest in Křtiny (former the Brno-venkov district) in 2007 and 2008. The main investigation was carried out at Forest Range Resslov ka, Hády Hill (altitude 420 m). Galls of C. petioli occurred there abundantly on 5 to 15-year P. tremula, viz mainly at margins of forest stands, on clearings reforested by target forest tree species, along cleared boundary lines, power transmission lines and fo rest roads. The mean annual temperature amounts to 7.7 °C (April−September 14.1 °C), mean annual precipitation 620 mm (April−September 388 mm) and the growing season takes 160 days.
Field inspections were carried out there usually in week intervals throughout the growing season. In the course of fi eld trips, galls were sampled from selected stands for the purpose of subsequent labo ra to ry examinations. In 2007, 19 samplings at 50 galls were carried out; in 2008, it was 22 samplings at 25 galls and (last) sampling at 14 galls. In each of the galls, the leaf size was fi rst measured (ie length, width and area of the leaf blade), in a gall on a shoot then its diameter. Further, dimensions (length, width and height) of particular (or combined) galls were determined. Lengths were measured along the leaf petiole, in galls on shoots along the shoot longitudinal axis. The width of galls was measured in an area parallel to the leaf blade (and per pen dicu lar to the leaf petiole), in galls on shoots in an area perpendicular to the longitudinal axis of a shoot (and perpendicular to the entrance corridor into the gall). The height of galls was measured in an area perpendicular to the leaf blade, in galls on shoots in an area perpendicular to the shoot axis (parallel to the entrance corridor). The number and localization of entrance craters was recorded and the length and width of craters (at the gall perimeter) and the length and width of the gall opening was determined by micrometry.
By means of a razor-blade or scalpel, every gall was gradually and carefully cut up in thin slices under a microscope. The objective of these analyses was to determine the number, size and the inner content of chambers. Attention was paid to the increasing degree and health condition of larvae of the gall midge and to the occurrence and development of insect parasitoids. Galls served for the development of ima goes of parasitoids, which were sent for determination to Dr. P. Janšta (Charles University, Prague). Through the systematic investigation, following fi ndings were obtained on the occurrence, bio nomics, cecidogenesis and importance of C. petioli.
RESULTS AND DISCUSSION
The occurrence of imagoes and egg laying Larvae of C. petioli overwinter in soil where they also pupate next year in April. At research localities in the region of Brno, imagoes occurred in the open at the end of April and at the beginning of May.
Their fl ying up from winter pupal chambers took only several few days. In the period of swarming, most of shrubs of aspen burst intensively into leaf. A er mating, females search for shrubs occurring in the suitable degree of budding to lay eggs. They place their eggs on partly unfolded leaves, sporadically on young bark of terminal parts of shoots. They lay 1 to 5 (10) eggs on one place. On the same leaf, usually (in 89%) only one partial clutch is placed, rarely (in 10.1%) two clutches and sporadically (in 0.8%) three to four clutches (Fig. 2) .
According to SKUHRAVÝ and SKUHRAVÁ (1998) , imagoes fl y early in the spring and lay eggs on leaf petioles of aspen or on apexes of young developing shoots. PERSSON (2002) found six gallforming species of gall midges (including C. petioli) on P. tremula in north-eastern Sweden. The author considers that all these species are well adapted to the fragmented natural environment, namely because they have the ability of active and passive dispersion. Their fl y and oviposition are markedly affected by wind (WITHERS and HARRIS, 1997) . It is known that P. tremula grows on various places in the landscape in stands of the various degree of spatial isolation. Nevertheless, it appears that the occurrence frequency is not dependent on the distance from closed stands and in Harmandiola globuli (Rübs.), the frequency even increases with the isolation of stands (PERSSON, 2002) . The fl y and reproduction of imagoes are heavily aff ected by climatic/me teo rolo gi cal factors. Depending on these factors, the period of fl y and oviposition can be diff erent.
The creation of galls and the development of larvae
Soon a er oviposition, larvae hatch from eggs of C. petioli. The larvae settle most o en (in 91%) on pe tio les of young rapidly developing leaves. The smaller part of larvae (8.1%) settles on the bark of shoots and sporadic larvae (0.9%) settle nearby veins in the proximal up to central part of the leaf blade (Fig. 3) . Thus, larvae begin to ingest food on a suitable place. In the course of sucking, they chemically irritate young undiff erentiated plant tissues by secretes of their salivary glands. Through a transverse slot opening (mean dimensions 0.5 × 0.15 mm) they penetrate into the tissues. On petioles, the ma jo ri ty (about 81%) of entrance slits occurs on the lateral face. From the adaxial face, about 14% larvae enter the leaf petiole and from the abaxial face 5% larvae (Fig. 4) . Most o en (in 39%), only one larva penetrates into tissues. In the majority (in 61%) of partial clutches, 2 to 5(10) eggs occur (Fig. 5) . Larvae hatched from these clutches generally use one and the same hole for entrance into tissues whereby the size of the entrance corridor increases. A er the penetration of larvae into tissues the slot closes. Because of growth substances contained in the secret of sucking larvae cells of young meristems are stimulated to the fast growth and division. Through the growth of tissues galls are created fast.
Under natural conditions in Forest District Bílo-vice nad Svitavou, cecidogenesis starts at the turn of April and May. Already at the beginning of May, galls are mostly rather marked. At the end of the fi rst week in May, galls reach about 2/3 of their fi nal size and in mid-May, they grow up (Fig. 6) . Newly hatched larvae are about 0.17 mm long and 0.07 mm wide, fusiform. In a creating gall, tissues closely circumfuse about young larvae. In mid-May, larvae are on average 0.4 mm long, 0.2 mm wide and 0.15 mm high. Up to this time, the larvae are of the same size as the space inhabited by them. Only from mid-May, an oval chamber begins to create around vital larvae. In galls with more chambers always one larva de velops in each of the chambers.
At the end of May and at the beginning of June, larvae of C. petioli grow up in galls. Grown up larvae are 2.3 to 3.4 (on average 2.8) mm long, 0.8 to 1.1 (on average 1.0) mm wide and 0.6 to 0.9 (on average 0.7) mm high. According to POSTNER (1982) and SKUHRAVÝ and SKUHRAVÁ (1998) , larvae are 3 to 4 mm long. Young larvae are colourless to faint-yellowish, older larvae are yellow to yellow-orange. In the period of growing-up the larvae (ie at the turn of May and June), chambers with vital larvae are on ave ra ge 1.7 mm long and 1.3 mm wide. From this time, the size of chambers does not change.
The period of cecidogenesis of C. petioli is very short (on average only two weeks). The period of the development of larvae in galls is, however, substantially longer (on average four to fi ve weeks). Also SKUHRAVÝ et al. (1997) mention the fast development of galls and much slower development of larvae. The authors even assume that this phenomenon is of more general value in gall midges. During their development larvae undergo three instars. Roughly in ¾, the growth of galls is induced by larvae of the fi rst instar and only in ¼ by larvae of the second instar. Larvae of the third instar begin occur in galls from 20 May, ie in a period when galls are already entirely grown up. Therefore, larvae of the third instar do not participate in the growth of galls.
Abandoning the galls
In the course of May, primarily imperceptible entrance slits gradually increase in an oval crateriform formation. The crater margins o en conically arise above the gall surface. At the end of the period of development of larvae in galls, tissues in the surroundings of the hole begin o en to die and grow black (Fig. 7) . Galls open spontaneously by means of a minute slit shaped to oval opening. Through this opening, larvae abandon galls and fall to the soil surface. In a suitable place, larvae hide in soil where they also winter.
Larvae of C. petioli develop optimally on P. tremula, namely in spring in the period of its leaf unfolding and fast growth. Within a year, only one generation of C. petioli develops. At studied localities, vital larvae were found in galls from 1 May until mid-June, quite sporadically also later (eg 7 and 28 August 2008). Nevertheless, a further explanation is missing for this anomalous occurrence of growing up larvae of this third instar (size 1.8 × 1.0 × 0.5 mm and 2.0 × 1.1 × 0.6 mm). In 2007, a large majority of larvae abandoned galls from 30 May to 9 June and the whole development of larvae took on average 34 days. In 2008, larvae abandoned galls from 2 to 12 June and the whole development of larvae took on average 37 days. Thus, it is possible to state that in the region of Brno, larvae in galls develop on average 5 weeks.
There are only very few data in available literature on the period of the C. petioli occurrence in galls. According to BUHR (1965) , larvae occur in galls from May to June (or until July). SKUHRAVÁ and SKUH-RAVÝ (1960) and SKUHRAVÝ and SKUHRAVÁ (1998) inform that larvae are fully developed already at the beginning of June when they begin to abandon galls. This statement is consistent with our fi ndings obtained at Forest District Bílovice nad Svitavou.
Size and physiognomic diff erentiation of galls
C. petioli creates galls on petioles (sporadically on leaf blades) or on apical parts of shoots (Figs. 8 and 9) . Galls are 2 to 11 (on average 6) mm long, 1 to 10 (on average 5.4) mm wide and 1.1 to 8 (on average 5.1) mm high (Tabs. I and II). As many as four galls can occur on one petiole. If galls are localized within a short distance of each other then they o en merge creating large formations of irregular shape up to 17 × 11 × 9 mm in size (Fig. 2) . Merged galls on petio les are almost always longer and sometimes also wider and higher than separate galls. Galls localized separately on petioles are on average always larger than individual galls in merged gall formations (Fig. 10) . The number and size of particular galls crea ting these aggregate gall formations can be sometimes determined only with diffi culties, namely a er the careful microscopic analysis of entrance openings and related chambers. Mean number of galls on leaf petioles increases with the increasing area of the leaf blade (Fig. 11) .
Smaller galls of C. petioli (ie galls with one or two inner chambers) are o en localized only at one side of the leaf petiole. Such galls are roughly of coff eebean shape and galls on shoots are of hemisphere shape. Larger individual galls (ie galls with three to ten chambers) are usually of oval shape enclosing the leaf petiole or shoot from all sides.
A short corridor enabling a young larva to penetrate into plant tissues closes soon. Therefore, larvae develop in gradually creating closed chambers. In galls with more chambers, corridors from in di vi dual chambers merge into one somewhat wider entrance corridor leading in a conical (crateriform) formation. Walls of entrance corridors open as late as in the period of growing up the larvae. The original slit entrance 0.5 × 0.15 mm in size increases up to on avera ge 2.0 × 1.8 mm at the gall circumference during May until the fi rst half of June. Galls occupied by insect parasitoids open on the outside mostly later or not at all. Craters of these galls are on average much smaller (about 1.7 × 1.5 mm). Galls with naturally died larvae show craters of about 1.4 × 1.3 mm in size on their surface. These galls o en do not open at all on the outside. Craters are on average 1.7 mm long and 1.5 mm wide (Tab. III). With the increasing number of chambers in galls their dimensions signifi cantly increase (Tab. IV).
Galls with the undisturbed development of C. petio li open by means of an oval opening on average 0.7 mm long and 0.6 mm wide. Mean dimensions of the actual opening in parasitized galls are 0.6 × 0.4 mm, ie also three times smaller than dimensions of the whole crater. If openings are created in galls with naturally died C. petioli, then they are on avera ge always smallest (about 0.4 × 0.3 mm) (Tab. V). The mean length and width of the actual entrance (= exit) hole in galls with the undisturbed development of larvae of C. petioli considerably increases with the increasing number of chambers in galls (Fig. 12) . The mean size of a crater and the actual hole in galls slightly increases with the increasing leaf blade area (Tab. VI).
At the very beginning of cecidogenesis, galls are green. However, already from 5 May, semi-grown up galls begin colour to red on the insolated (ie adaxial) face of leaves in the Brno region. Red colouring occurs about in 50% galls, other galls remain green or yellow-green. A er one week from abandonment (about from 17 June), galls begin to die. Browning and blackening the tissues begins usually around the entrance (or exit) hole (Fig. 13) . During the second half of June to October, the percentage of the darkened gall surface increases. For example, in September and October 2007, blackening aff ected 55 to 59% of the gall surface (Tab. VII). Galls abandoned by larvae of C. petioli blackened most (65 to 76%) and galls with naturally died C. petioli blackened least (41 to 42%). With the increasing number of chambers in galls (ie with the increasing size of galls) the dieback of galls in principle accelerates (Fig. 14) .
Galls of C. petioli on leaf petioles are characterized, for example by DARBOUX and HOUARD (1901) , as oval up to 5 mm large swellings with one or more chambers. The swellings are more or less hairy and reddening with a lateral conical outgrowth. In the period of maturity, they open by means of an oval hole. Galls on young shoots are described as unilateral oval swellings with a lateral conical outgrowth. Similar information provide GUSEV and RIMSKIJ-KORSAKOV (1953) who mention that on P. alba (unlike P. tremula), galls are hairy. Many authors (eg PFEFFER et al., 1954; MAMAEV, 1969; SIMOVA-TOŠIČ and VUKOVIČ, 1999; LAMBINON, SCHNE-IDER and FEITZ, 2001 etc.) mention pleurocecidiae of C. petioli only on leaf petioles where the gall midge occurs most o en.
The size diff erentiation of chambers
In galls of C. petioli¸ only one chamber (in 39%) occurs and mostly 6 (10) chambers (Fig. 5) . In exa mined galls in 2007, on average 2.3 chambers occurred and in 2008, on average 2.7 chambers (Tabs. I and II). In merged gall formations, 3 to 18 chambers were found. Galls on leaves (mainly on petioles, sporadically on leaf blades) were 11.3 times more numerous than galls on shoots (Fig. 3) . The highest number of galls and chambers occurred on petioles with a medium size blade. The mean number of chambers was not, however, in positive even negative correlation with the size of a leaf blade. In galls on shoots of a diameter of 1.5 to 6 (on average 2.5) mm, on avera ge 2.4 chambers occurred in 2007. In 2008; it was 3.8 chambers (Tab. VIII). It is necessary to note that information on the size of chambers is not available in literature.
At fi rst, chambers show the shape of imperceptible slit shaped spaces of the size of an egg larva. During the development of larvae, oval chambers are created reaching a mean length of 1.55 mm and width of 1.25 mm already at the end of May. From this time, the size of chambers in principle does not change. The inner cavity of chambers is lined by a thin yellow-green trophic layer created mainly by large thinwalled cells. At the end of the development of larvae (ie at the end of May), the trophic layer begins to die and brown. The trophic layer is surrounded by a thick sclerenchymatic layer creating a fi xed protective case around chambers. A parenchymatic layer is far thicker. On its surface, there is a thin protecting (cuticular) layer (Fig. 15) . Galls on leaf petioles (or blades) and galls under bark on shoots show similar inner structure.
The development of galls is optimum only when the development of the gall midge larva is intact. If the death of the gall midge takes place the gall ceases soon to grow. Thus, mortality factors signifi cantly affect not only the size and physiognomy of galls but also their inner structure. Therefore, chambers in galls with the intact development of C. petioli are on average always larger than chambers in galls with disturbed development (Tabs. IX to XII and Fig. 16 ). Tab. IX shows that the mean length and width of chambers markedly increases with the increasing number of chambers while in galls with the intact development of C. petioli the mean length and width of chambers dies not substantially change. The largest mean size (1.65 × 1.3 mm) is shown by chambers, which were abandoned by larvae of C. petioli (or chambers with a living grown up C. petioli). Chambers occupied by insect parasitoids are smaller (about 1.55 × 1.2 mm). Chambers with naturally died larvae of C. petioli are far smallest (about 1.3 × 1 mm). The mean size of chambers does not change from the end of May until October (Tabs. X and XI). With the increase in the leaf blade area, however, the mean length and width of chambers always increases (Tab. XII, Fig. 17 ). Thus, due to the growth process of host plants, also the size of chambers is signifi cantly aff ected.
Control factors
C. petioli is a very abundant representative of the CR fauna. Its population density fl uctuates considerably in the course of years (SKUHRAVÁ, pers. comm., 2008) . The abundance of C. petioli is particu-larly aff ected by climatic-meteorological factors and predators during wintering the larvae and spring reproduction. Considerable part of larvae is frequently subject to insect parasitoids from the Chalcidoidea superfamily. According to FULMEK (1968) , Torymus giraudianus Hff m. and T. quercinus Boh. (Torymidae) were reared from galls. An inquiline gall midge Camptoneuromyia petioli H. Mamaeva (SKUHRAVÝ and SKUHRAVÁ, 1998) develops in galls. En do genous factors and defence and occlusion activities of plant tissues signifi cantly participate in the reduction of abundance of the C. petioli in galls.
At studied localities, C. petioli was more abundant in 2007 than in 2008. In 2007, on average 34.6% larvae abandoned galls. On average 32.9% larvae were parasitized and 26.0% larvae died due to en do genous reasons or owing to defence or occlusion acti vi ties of plant tissues. Insect predators, birds and unknown factors participated minimally in mor tali ty (Tab. XIII, Figs. 18 and 19 ). In 2008, 76.8% larvae successfully concluded their development, 10.5% larvae were parasitized and 12.3% died due to en doge nous reasons (Tab. XIV). In both years, the proportion of chambers abandoned by the gall midge considerably increased with the increase of the number of chambers in galls and the proportion of chambers with the disrupted development of C. petioli decreased. Thus, the development came about best in the largest galls (Tab. XV). Evidently, the largest percentage of abandoned chambers occurred in galls on the largest leaves (Tab. XVI).
Eggs of insect parasitoids were found in galls from 9 May to 1 June and living larvae from 25 May to 18 October. Pupae were found from mid-June to the beginning of August and living imagoes (before their fl y from galls) from 21 June to 2 August. The development of parasitoids from egg laying to fl ying out the imagoes took at least fi ve weeks. In 2007, on average 38.8% larvae pupated. Imagoes hatched from the majority of pupae even in the same year. On avera ge 29.6% larvae in galls wintered and 31.9% larvae died (Tab. XVII). In 2008, about 21% larvae pupated (and metamorphosed into imagoes). About 44% larvae wintered in galls and about 35% larvae died (Tab. XVIII). Torymus quercinus Boheman, 1834 (Torymidae) was a dominant parasitoid. T. cultrans Graham and Gijswijt, 1998 (Torymidae), Tetrastichus sp. (Eulophidae) and Eupelmus sp. (Eupelmidae) were reared from galls.
Damage and importance
C. petioli is common part of the cecidogenic species community of insect on P. tremula. It occurs mainly at well insolated open localities, rarely inside forest stands. Therefore, it o en attacks advance growth and young-growth stands of aspen on a large scale in temporary communities (ecotones) and on clear-felled areas. Galls are created mainly on pe tioles of leaves, rarely on shoots and sporadically on leaf blades. Galls on petioles substantially reduce the growth of leaves and petioles. Under intensive attack, the leaf blade area is sometimes reduced up to less than 5 cm 2 . Dwarfed laves o en prematurely die and together with galls fall to the soil surface. Galls under bark on apical parts of young shoots can be even more harmful. These galls occur usually on the same trees together with leaf galls. Trees par ti cular ly suff er from combined mass damage to leaves and shoots. Stunted growth or partial drying ends of shoots with numerous galls was noted in Forest District Bílovice nad Svitavou in stand 372 E 12 on natural advance growth of P. tremula of about 50 cm in height.
On the basis of the four-degree scale of damage (SKUHRAVÝ and SKUHRAVÁ, 1996) , C. petioli can be ranked among slightly harmful species. Therefore, it not usually necessary to plan any control measures for the pest. Republic ( 1: SKUHRAVÝ and SKUHRAVÁ, 1998) 
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